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The measurement of elastic strains and stress in micromechanical testpieces upon loading has previously been 
performed by in-situ X-ray synchrotron diffraction and high resolution electron backscatter diffraction (HR-
EBSD). Similarly, the measurement of total, elastic and plastic, strains by the technique of digital image 
correlation (DIC) strain mapping, has recently been performed on micropillars using an applied surface speckle 
pattern.  
 
In the present study, a method has been developed to combine, correlatively, the techniques of HR-EBSD and 
DIC to measure in-situ, during deformation, the elastic and total strains at the surface of micromechanical 
testpieces. Hence one may infer the purely plastic component of the total deformation. Practically, this has 
required the development of a Pt speckle pattern that is not only suitable for DIC, but also does not impede 
substantially the acquisition of high quality Kikuchi patterns for HR-EBSD.  
 
When applied to the region ahead of a pre-notch in a single crystal W micro-cantilever, stress and strain fields 
have been measured at sub-100 nm resolution. Furthermore, the direct comparison of the regions of heightened 
GND content and high plastic strain has revealed that planes of high GND content resulting from deformation 
are not necessarily planes of high plastic strain. In fact, the prediction of planes of high plastic strain from elastic 
strain/stress measurements is more subtle. Crack tip toughening mechanisms in metals require the operation of 
plastic deformation mechanisms, such as slip; this study helps shed light on what local stress states lead to an 
increased dissipation of mechanical energy. It also confirms the notion that the plastic performance of a material 
cannot be solely interpreted from elastic strain measurements, even if undertaken in-situ, or from post-mortem 
transmission electron imaging of dislocation structures.  
 
Further discussed examples of the correlative application of these two techniques include microcompression 
and nano-wedging of Cu, microcompression of lamellar titanium aluminide, and microtensile testing of Mg to 
determine the local stress state at the onset of twin formation.  
 
            
 
Figure 1 – Left: geometrically necessary dislocation map at the crack tip of a loaded pre-notched W micro-
cantilever, measured by HR-EBSD. Right: maximum total shear strain map of the same crack tip, measured 
by DIC. Note the asymmetry of the total shear strain, compared to the relatively symmetric distribution of 
GNDs either side of the crack tip.  
